Nor enough muscles @em) mutants of Drosophila reveal defects in the development of embryonic muscles, a subset of pericardial cells, the CNS and derivatives of the PNS (Burchard, S., Paululat, A., Hinz, U. and Renkawitz-Pohl, R. (1995) The mutant not enough muscles (nem) reveals reduction of the Drosophila embryonic muscle pattern. J. Cell. Sci. 108, 1443Sci. 108, -1454. The molecular analysis of the nem locus shows a complex genomic structure. One transcription unit was identified as inscuteable (insc). Within the first intron of insc we find another independent gene, skittles (sktl), which is not affected in nem mutants. insc transcripts are localised apically in neuroblasts and may prefigure the localisation of the protein. The skittles mRNA is ubiquitously distributed during early embryogenesis due to maternal contribution. Later, some enrichment of sktl is observed in the nervous system and the mesoderm. The muscle phenotype shows deletions as well as duplication of specific muscles which is reflected in a change of even-skipped (eve) and Krtippel (Kr) expressing cells. Our data suggest a role for insc in the specification process of a subset of muscle progenitors/founders. Furthermore, in insc mutants the eve expressing pericardial cells of the developing heart are significantly reduced in numbers. 0 I997 Elsevier Science Ireland Ltd.
Introduction
During development in Drosophila cells within the somatic mesoderm are singled out by a mostly unknown mechanism to become defined muscle progenitor cells. Each of these progenitors will develop into one, two or more individual muscle founder cells, which recruit surrounding myoblasts for fusion to form syncytial muscle precursors. Thirty precursors per abdominal hemisegment develop into mature muscles at the end of embryogenesis (for review see Bate, 1993) . A growing number of genes have been identified that are likely to be involved in the determination of the individual founder cells, most of which then recruits surrounding mesodermal cells for fusion observed in nem mutants . By deterto develop individual precursors for each of the mature mining the P-element position in nemP8 and molecular anamuscles in the embryo.
lysis of the newly generated deletion allele (nemA13) we
The initial phase of myogenesis, the selection of muscle progenitors within the mesoderm, is clearly influenced by neurogenic genes. For example, in mutants for neurogenic genes like Notch, Delta, Enhancer of split, big brain, mastermind, neuralized and almondex (Corbin et al., 1991; Bate et al., 1993) , the number of nautilus, S59 and vestigial expressing cells increases dramatically. Furthermore, the gene products of some of the neurogenic genes were also found in the mesoderm (Kidd et al., 1986; Knust et al., 1987; Johansen et al., 1989; Kopczynski and Muskavitch, 1989; Haenlin et al., 1990; Rao et al., 1990; Smoller et al., 1990; Bettler et al., 1991; Fehon et al., 1991; Kooh et al., 1993) , although the precise function of these proteins within the mesoderm is not yet understood. Some proneural genes also seem to be involved in early muscle formation, as it was shown for lethal ofscute (l'sc) , which is expressed in mesodermal and ectodermal derivatives. Carmena et al. (1995) showed that Z'sc expression precedes the expression of S59 within the muscle progenitors. Significantly, the restriction of E'sc expression to specific mesodermal cells does not take place in mutants for Notch and Delta and the entire cell cluster expresses E'sc and S59. Moreover, in homozygous embryos carrying a deficiency for Z'sc, aberrations in muscle patterning were described. For example, muscle 5 is abnormally formed or is not found in its normal position and an extra muscle with the morphology of muscle 8 appears instead (Carmena et al., 1995) .
Our recent analysis of the not enough muscles (nem) locus reveals an important role in myogenesis and neurogenesis . In this paper we focus on the role of the nem locus during myogenesis. In nem mutants some muscles are absent or abnormally formed while other muscles are duplicated. Each muscle was identified by its position, orientation, shape and for one selected example, by the expression of muscle specific precursor markers. This phenotype implicates an early function of the nem locus during the specification of muscle progenitors or founder cells. Furthermore, we describe a specific phenotype in the developing heart where the number of eve expressing per&u-dial cells (Frasch et al., 1987; Azpiazu and Frasch, 1993; Bodmer, 1993; Lawrence et al., 1995) is dramatically reduced.
In addition, this paper presents the molecular analysis of the nem locus. Adjacent to the P-element we found two transcription units, one being localised within the first large intron of the other. We named the internal gene skittles. sktl encodes a PI4P 5-kinase (Knirr et al., 1997) .
The external transcription unit has been isolated independently in a search for genes expressed during nervous system development by an enhancer trap approach (Kraut and Campos-Ortega, 1996) . The nervous system phenotype of the recently published insc mutant embryos is the same as The triangle symbolises the position of the P-insertion in the ins? allele. The P-element maps within the transcribed leader region of insc as shown by primer extension experiments (data not shown) and by sequencing of 5' RACE products. Below the restriction map the structural organisation of both transcription units is shown. Broken lines indicate the introns while the boxes represent the exons. The solid boxes represent the coding regions. The exon/intron boundaries for insc and skrl were established by sequence comparison of cDNAs and genomic clones. The sktl transcription unit is positioned in between the first two exons of the insc gene. The deletion in the isolated inscAl allele removes parts of the insc promoter, the first exon as well as the first exon/intron boundary and some intron sequences. Restriction sites are abbreviated as follows: E, EcoRI; C, EcoRV; H, HindIII; S, SafI; X, XbaI. The P-element in the AIM4 allele, described in Kraut and CamposOrtega (1996) is located at about 1.5 kb downstream of the first exon/ intron boundary. (B) Developmental Northern of the insc and sktl transcription units. Oregon poly(A)+ enriched RNA (5 pg per lane) when hybridised to an insc cDNA clone encompassing exons 2-5 reveals one major band at 4.3 kb. The ages of the embryos are indicated at the top in hours after egg deposition. Beside embryonic expression between 4 and 20 h of development, the insc transcript is also detectable in males and females. To detect the skittles transcript, the identical blot was hybridised with a skittles cDNA. One major band at 4.1 kb is detectable. The hybridisation profile differs significantly from that for the insc probe, especially at early stages of development. The strong signal visible in the lane loaded with RNA from females very likely corresponds to an ovary expression. This interpretation is in agreement with a sktl specific staining in in situ hybridization of ovaries (Knin et al., 1997). assigned the observed phenotype to the external transcription unit, inscuteable.
Results
The nem locus was found by a P-element insertion at 57B on chromosome II. The embryonic lethality of homozygous nem individuals is the result of the P-element insertion (nemP8 allele), as we have obtained viable revertants in which the P-element has been excised by remobilization. Three EMS-induced alleles (nem3, nem8 and nem"), which we selected by their lethality over the P-element carrying chromosome, reveal the same or weaker embryonic phenotype as the original P-element allele .
Furthermore, we obtained the deficiency nemA13 by remobilization of the P-element (see Section 4). nemA13 is allelic to the previously described alleles. Analysis of this deletion mutant and the P-element-induced allele ltemp8 enables us to identify the gene responsible for the not enough muscEes phenotype within the cloned genomic region (see below).
The not enough muscles locus contains the inscuteable gene and another transcription unit, skittles, within thejrst intron of inscuteable
genomic phage clones, covering about 30 kb (Fig. 1A) . Genomic subclones from the isolated region were used to screen embryonic cDNA libraries. Within this 30 kb region we found two transcription units. As a prerequisite to assign our nem alleles to one of these genes, we first isolated cDNAs and checked the genomic organisation. 5' and 3' ends corresponding to both transcription units were completed using the RACE technique (see Section 4). Combination of RACE generated ends and the isolated clones from cDNA libraries revealed a length of 4.3 kb for the larger cDNA and 4.1 kb for the smaller transcript. This is in coincidence with the results from our Northern blot analysis (Fig. 1B) . Sequence analysis showed that the larger transcription unit is identical to insc described by Kraut and Campos-Ortega (1996) . In accordance with the data of Kraut and Campos-Ortega, the longest open reading frame codes for a protein of 767 amino acids with a calculated molecular weight of 84 kDa (data not shown). have shown that the protein is asymmetrically distributed during cell division of neural precursors. We found a conserved stretch of 18 aa (amino acid positions 624-641), which was proposed to function as an asymmetric distribution motif in Numb and Prosper0 which also are involved in the determination of PNS precursors (Knoblich et al., 1995) . Thus, this motif is a good candidate for a cellular distribution signal. The smaller transcription unit encodes a PI4P 5-kinase and was named skittles (Knirr et al., 1997) . Genomic DNA, flanking the P-element insertion site, was By sequence comparison of genomic DNA and cDNA isolated by plasmid rescue and used as a probe to isolate clones as well as primer extension experiments we estab- Fig. 4 . Embryonic expression of sktl transcript distribution was visualised in whole mount embryos hybridised with a transcript-specific probe (that encompasses exons 1 and 2). High amounts of sktl transcripts are detectable in embryos shortly after egg laying (A). The transcript is uniformly distributed. At stage 415 the maternal skittles transcript decreases and a distinct staining located in two broad patches in the embryonic head region becomes visible (B).
At later stages and with high background due to maternal expression, transcripts are detectable ubiquitously with some enrichment in ectodermal cells (C,D).
lished the genomic structure of the insc and skittEes genes. For the insc gene we found five exons spanning a region of 20 kb. The first exon (the exon/intron structure was not determined by Kraut and Campos-Ortega (1996) ), is followed by a large intron of 10 kb. The second transcription unit, named skittles (sktl) is located within this large intron (Fig. 1A ). So far, we have isolated two insc cDNAs and three sktl cDNAs which share no common sequences. Furthermore, the 5' RACE technique for sktl reveals no amplification product which contains overlapping sequences between sktl and the first insc exon. Both findings strongly indicate that sktl is an independent transcription unit and not a splice variant of inst. In insc mutants the zygotic sktl expression seems to be unaffected as could be seen in in situ hybridisation experiments using a sktl specific probe (data not shown).
From this paragraph onwards we will consequently use the name insc for the large transcription unit and we rename all our previous described alleles, e.g. inscP8 instead of nenzp8 etc. to simplify the situation caused by the independent published alleles Kraut and Campos-Ortega, 1996) .
A P-element insertion and a small dejiciency identiJL the inscuteable transcription unit
The question arises as to which of these transcription units is mutated in our previously described alleles affecting the nem-locus. We correlated the large transcription unit to the insc phenotype by determining the P-element integration site in the inscP8 allele and by molecular analysis of the deficiency mutant inscA13. With primer extension experiments and sequencing of flanking genomic fragments we mapped the P-element insertion site 13 bp downstream of the transcription start site of the insc transcription unit (Fig.  1A) . The deficiency allele inscAl removes 1000 bp exactly on the downstream site of the former P-element insertion site, excluding the transcription start site, but including the first exon/intron boundary of insc (Fig. 1A) . The description of the mutant inscuteable phenotype, given by Kraut and Campos-Ortega (1996) was based on the deficiencies inscP49 and inscm2 and on transheterozygous embryos. Both deficiencies include the insc and the sktl gene. Therefore, it is of particular interest to study more alleles affecting that locus. Complementation tests between inscz2 (formerly nem22), inscPs (formerly nemP8), inscAl (formerly nemA13), inscP49 and inscm2 showed that all alleles are allelic.
Concerning the CNS and PNS both insc alleles isolated in our work and the insc mutant phenotypes described by Kraut and Campos-Ortega (1996) are identical (see also Fig. 7 for pericardial cell and muscle 1 defects). Our P-element insertion and deletion mutants assign the phenotypes to the insc transcription unit. The genomic arrangement may suggest a functional relationship between insc and sktl and therefore we analysed whether sktl mRNA is affected in insc mutants (see below).
Developmental expression of inscuteable and skittles during embryogenesis
The expression of insc and sktl during embryogenesis was first assessed by Northern hybridisation using poly(A)+ RNA preparations from various developmental stages (Fig. 1B) . By using an insc cDNA clone of almost full length as a probe a single transcript of approximately 4300 bases is detectable during embryogenesis (Fig. 1B) . The transcript is detectable at 4-20 h of development, which is in agreement with the in situ localisation of insc transcripts in whole mount embryos (see below). This correlates well with the time of myogenesis and neurogenesis.
insc transcripts are also found in adult male and female flies. appears in segmentally arranged ectodermal cells in the region giving rise to the SI neuroblasts prior to delamination (Fig. 2C) . Later on the full wave of neuroblasts in an early germ-band extended embryo reveals strong insc expression (Fig. 2D,E) . Within the developing CNS, insc expression is obvious in many, if not all, neuroblasts (Fig. 2E,H) . After germ-band retraction the broad expression decreases and becomes restricted to small patches of cells located in the contracted CNS (data not shown).
The expression of sktl during embryogenesis was assessed by rehybridizing the same filter used in the experiment described above. By using a sktl cDNA clone of almost full length as a probe a single transcript of approximately 4100 bases was detected (Fig. 1B) . The transcript is detectable from 0 to 20 h after egg laying at an approximately equal level. Only a weak signal is seen in stages shortly before hatching (20-24 h). This is in agreement with the in situ localisation of sktl transcripts in whole mount embryos. A strong signal is found in female RNA (see also Knirr et al., 1997) . The signal observed in female flies probably represents maternally provided transcripts seen in O-4 h embryos (Fig. 3) . The developmental profile of expression is clearly distinct when comparing sktl and inst.
At 5 h of development, small patches of more lateral located cells express insc as well (Fig. 2F) . These cells belong to the earliest PNS precursors which give rise to external sense organs (es.) and the chordotonal organ Ich5. Ich5 is affected in the insc mutants. An increased number of insc positive PNS cells is obvious during the next stages of development (Fig. 2G) . The transcription of insc in these cells is transient as it disappears in the developing sense organs. So far, we have not found detectable expression of insc in mesodermal derivatives, although the described phenotype implies a direct function within mesodermal cells.
Our microscopic analysis reveals an asymmetric subcellular localisation of insc transcripts (Fig. 3) . Most obvious within the delaminating neuroblasts in the stage 9/10 embryo in the CNS, the insc RNA is visible in the apical region of the delaminating neuroblasts (midline direction, Fig. 3A ). This is depicted at a higher magnification in Fig.  3C which reveals a concentration of insc mRNA at the apical site of the neuroblast. The same phenomenon was found for the insc mRNA in neuroblasts of the developing brain (Fig. 3B ) and the PNS precursors (Fig. 3D,E) .
Temporal and spatial expression of skittles during embryogenesis 2.4. Temporal and spatial expression of inscuteable in the developing CNS and PNS shows asymmetric localisation of inscuteable transcripts in neuroblasts
To get the first insight into the question of whether sktl is also involved in embryogenesis, we localised sktl transcripts by in situ hybridisation. insc RNA is first detectable at the cellular blastoderm A very strong ubiquitous staining for the sktl transcript is stage in a round patch within the early neurogenic region obvious in embryos at stages l-4 (Fig. 4) in coincidence of the head (Fig. 2A) . A two-or three-cell wide stripe of insc with the Northern hybridisation (Fig. 1B) . sktl mRNA is expressing cells extends the patch-like expression area into already present in unfertilised eggs showing that this early the dorsal region (Fig. 2B) . In later stages the broad expresexpression is a maternal contribution (Knirr et al., 1997) . sion is sustained in single cells within the brain cortex.
This ubiquitous staining can be followed through embryoThese cells express insc during embryonic development genesis. However, we see some enrichment of sktl mRNA in until brain formation is completed in late stages (Fig. 21) .
the developing nervous system and mesoderm. At stage 4 At approximately 5 h of development insc expression ubiquitous staining becomes weaker and two broad patches Homozygous inscAl embryos (B) reveal the same muscle phenotype as was observed in the previous described insc alleles . As an example the absence of a lateral muscle is shown (arrow in (A,B) ). inscA'3 embryos reveal the partial absence of parts of the chordotonal organs (lch5, arrow in (C,D)) as was described by Kraut and CamposOrtega (1996) for independent isolated insc deletion mutant. Furthermore, inscA'3 has the same Rp2 motoneurone phenotype in the CNS, shown in an Eve staining (arrow in (E,F)). A homozygous insc3 embryo (G) focused on the lateral muscles shows the loss of some VL and LT muscles as well as a duplication of SBM muscle (arrow). A ventral view of abdominal segments of an insc8 embryo reveals five ventral oblique muscles instead of three in wild type embryos (arrows in (H)). insc' and inscz2 alleles were balanced against a blue-balancer. Double stainings with anti-Sgalactosidase and anti-MHC antibodies allowed the selection of homozygous mutant embryos for a detailed analysis. Muscles are numbered according to Bate (1993). in the region of the procephalic neuroectoderm are obvious (Fig. 4B) . The staining in the neurogenic head region is also observable in whole mount in situ stainings using an insc specific probe (compare to Fig. 2) . By stage 4 a weak staining which mirrors the insc specific in situ staining can be seen (Fig. 4C,D) . During germ-band retraction ectodermal cells appear to be stained more intensively than the ubiquitously distributed mRNA (Fig. 4D) . Clearly, the expression pattern of sktl is very distinct from the insc expression pattern. The sktl expression seems to be not altered in inscP8 (data not shown, other alleles remain to be analysed) which further proof that the described defects are caused by mutations specific for inst.
inscuteable mutants show loss and duplications of specijc muscles
WAe3extended our analysis of insc alleles by including insc in our study. inscAl is allelic to the previous described insc alleles and shows the same phenotypes in a variety of tissues (Fig. 5A-F) . The muscle phenotype is less severe than in the EMS induced alleles but the typical loss of muscles is evident (Fig. 5B) . The loss of sensory organs in the PNS (Ich5 organs of the pentascolopidial organs) is demonstrated in Fig. 5D (for other alleles compare with Burchard et al., 1995 and Campos-Ortega, 1996) . In the peripheral nervous system the loss of cells is highly reproducible from segment to segment which is in contrast to the higher variability of the muscle phenotype. A randomised loss or duplication of the RP2 motoneuron, first described by Kraut and Campos-Ortega (1996) visualised by an anti-Eve antibody staining is also evident in the newly generated inscAl allele (Fig. SF) , as well as in the previously described P-element and EMS alleles (data not shown). Besides the loss of muscles we sometimes observe the duplication of specific muscles which is more obvious in our EMS alleles with stronger phenotypes, e.g. in insc3 (Fig.  5G) and insc' (Fig. 5H) . We started a quantitative analysis of the muscle distortions with homozygous insc' and ins? alleles (Table 1) .
Muscle precursor analysis in inscuteable mutants reveals defects in early somatic mesoderm differentiation
As we could show previously, three EMS-induced and one P-element-induced insc alleles reveal loss of embryonic muscles . The phenotype of all alleles varies between individual embryos and even between single segments of the same embryo. We aimed to clarify whether the variability is already obvious on the level of muscle precursors and therefore visualised muscle precursors by selected markers (for review see Abmayr et al., 1995) . As the dorsal muscles are frequently affected in insc alleles we took advantage of the observation that muscle precursors 1 and 9 are characterised by expression of Kr and muscle 1 by expression of eve. To visualise the situation of some dorsal muscles from the precursor stage onward we used anti-Eve and anti-Kr antibodies in an initial step of our analysis. Homozygous inscAl embryos stained for Eve, which is expressed in the developing muscle 1 and two pericardial cells per hemisegment (Frascf et al., 1987; Azpiazu and Frasch, 1993; Bodmer, 1993; Lawrence et al., 1995) , reveal a variable phenotype in muscle 1 and in pericardial cell development (Fig. 6) . A small number of homozygous insc A'3 selected by anti-/3Gal double stainings reveal a second muscle in single hemisegments that expresses eve in all of its nuclei (see Fig. 6A for the wild type situation and compare with Fig. 6E,G for inscA13) . This additional eve positive muscle could be a duplicated muscle 1 or an eve misexpressing muscle 2 (see Section 3). Testing numerous insc embryos showed that predominantly posterior abdominal segments are affected. However, the appearance of a second eve expressing muscle is not restricted to a specific abdominal segment. Similar results should be expected when using an anti-Kr antibody. Kr is expressed in a number of muscle precursors, including the dorsal muscle 1 and muscle 9 precursor (Fig.  6B ) (Alan Michelson, pers. commun.) . With high variability between individual homozygous inscAl embryos, the pattern in dorsal muscle precursors is altered. The loss of two individual muscles is clearly visible as shown in Fig. 6F . As we found with anti-Eve, the aberrations are not restricted to specific segments.
Defects in heart development
Besides the somatic muscle defects we observed a change in expression of eve during the development of the dorsal vessel. The Drosophila heart contains two major cell types, the outer pericardial cells (p.c.) and the inner contractile cardiac cells that form a tube. So far, the function of pericardial cells is unknown. As we showed previously the cardiac cells are not affected in EMS-induced and P-elementinduced alleles . We analysed the 6 Fig. 6 . Muscle precursors and pericardial cells are affected in inst. Wild type embryos (A-D) and homozygous inscA'3 embryos (E-H) were stained for Evenskipped (A,E), Krtippel (B,F), Even-skipped and Mab3 (C,D,G,H). Homozygous mutant embryos were selected using anti-@Gal antibody, which stains lacZ, driven under the control of ftz-promoter on the balancer chromosome. (A) A stage 13/14 wild type embryo. Muscle 1 (double arrow) and two pericardial cells (double arrow) are marked in black. (E) A homozygous in~c~.'~ embryo. Note the occurrence of two eve expressing muscles in at least two, and maybe three. different hemisegments (double arrows) and the dramatically reduced number of eve expressing pericardial cells (double arrow marks one of the remaining pc. cells). (B,F) Dorsal muscles stained for Krtippel. In a wild type embryo (B) individual dorsal muscle precursors are obvious (the top arrow marks muscle of Development 67 (1997) [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] development of cardiac cells in the inscAl allele as well using anti-/33 tubulin (I&s et al., 1988) and anti-Mef2 as a marker and found that cardiac cells are not affected (data not shown). However, we observed severe abnormalities in a subset of pericardial cells (Fig. 6C,D and G,H) . To identify all pericardial cells generally, we took advantage of the monoclonal antibody Mab3 which stains most of the pericardial cells (Yamitzky and Volk, 1995) . The number of eve expressing pericardial cells is strongly reduced in almost all inscAl homozygous embryos (Fig. 6E,G) . In some cases none of those cells are present. The same phenotype was observable in in& and insc2* EMS-induced alleles and the inscP8 allele (data not shown). The failure of eve expression is found in every individual mutant embryo. The number ofeve positive pericat-dial cells varies per embryo with a mean of 50% loss. The pericardial cell phenotype and the defect in muscle patterning are independent from each other as we found many hemisegments with a normal muscle 1, but no eve pericardial cell or vice versa (Fig. 6E,G) . As shown in Fig. 6C ,D (wild type) and Fig. 6G ,H (mutant) the Mab3 antibody reveals a moderately affected staining pattern in insc *13 embryos. In fact, only the eve expressing pericardial cells are affected in insc, whereas most other pericardial cells are still present. The eve positive cells are identified as a subset of pericardial cells (for a higher magnification see Fig. 6D,H) .
Discussion
We have presented additional evidence demonstrating that insc (renamed, formerly nem) function is essential for myogenesis and neurogenesis. Embryos lacking insc exhibit several strong developmental defects in the somatic musculature, the PNS and the CNS . All tested alleles show consistent phenotypes, although the strength varies . The new generated insc *13 allele belongs to the weaker alleles concerning the muscle phenotype but shows identical defects in CNS and PNS in comparison to the other alleles. The deficiencies P49 and P72 (Kraut and Campos-Ortega, 1996) reveal muscle and neurogenic defects that are consistent with our insc alleles (Fig. 7) . A plasmid rescue cloning strategy allowed us to isolate the corresponding gene. The insc gene was found independently by Kraut and Campos-Ortega (1996) who identified the gene as a neural precursor gene. These authors discussed evidences that insc is likely to be a putative cytoskeletal adaptor protein involved in spindle orientation during mitosis of neural precursors . Here we focus on the relevance of insc for mesoderm development.
inscuteable function during myogenesis
During embryogenesis single cells within the mesoderm are selected by a largely unknown mechanism to give rise to muscle progenitors. These progenitors establish a highly reproducible pattern of muscle precursors at positions that prefigure the final muscle pattern. These precursors are bior trinucleated cells, formed in close proximity to the ectoderm (Bate, 1990) and are characterised by distinct sets of transcription factors, their position and time of occurrence (see Section 1). Mutations in genes that are involved in the specification of muscle precursors likely will result in a loss of identity of the precursor and in consequence of specific myofibres, respectively.
The variability of the insc phenotype as well as the combination of a loss and/or the occurrence of additional myofibres, identified by its position and shape (Figs. 5 and 6), suggests that Insc might play a role in cell fate decisions within the early muscle progenitor pathway rather than in the direct determination of muscle founders or in the maintaining of differentiation of specified muscles. This hypothesis is supported by our observation that eve and Kr expression is changed in insc mutants.
We want to discuss two possible explanations for the described mesodermal phenotype. First, additional muscle progenitors will arise from the early mesoderm in the insc mutant background. This could occur under the influence of the overlaying ectoderm, e.g. if signalling between cells is affected, or if the mechanism which leads to an individual Fig. 7 . The deficiencies P47 and P72 (Kraut and Campos-Ortega, 1996) reveal muscle and pericardial cell defects. Both alleles are allelic to all our insc alleles and we therefore checked the muscle phenotype in these deficiencies. P49 (A) as well as P72 (B) homozygous individuals show loss of eve expressing pericardial cells (double-arrows)
as well as strong muscle defects including the duplication of muscle 1 (arrow in (B)).
and single progenitor within a former equivalent group of mesodermal cells, likely lateral inhibition, is incorrect. In that case the amount of mature embryonic muscles should be significantly increased, at least for the subgroup of muscles which arises from the affected progenitor population. A second possibility to explain our observations could be that progenitors or muscle founders change their developmental program. The two daughter cells from a particular muscle progenitor should adopt different fates. If Insc is needed on that level, the overall number of muscles should be not altered since only a transformation takes place. At this stage of our analysis we cannot decide which theory holds true, but so far we favour the second idea since insc reveals a significant loss of muscles (e.g. Figs. 5 and 6) , whereas other muscles seem to be duplicated (e.g. muscle 8 or some ventral muscles, Fig.  5G ,H) as we could demonstrate by staining of late embryonic muscles, where the shape, size and orientation of a single muscle is defined. Because of the variability of the phenotype we could not decide if the duplication of a specific myofibre coincides with the absence of another one, but this is highly possible.
The work of Kraut and Campos-Ortega (1996) supports the idea that Insc is associated with the cytoskeleton. The Insc protein is asymmetrically localised within the cytoplasm of neuroblasts (Kraut and Campos-Ortega, 1996 ) which may be prefigured by an asymmetric mRNA localisation, shown in this paper (Fig. 3) . We favour the hypothesis that Insc works as a cytoskeletal adaptor protein in muscle progenitors similar to its function in PNS and CNS (Kraut and Campos-Ortega, 1996) . If Insc is needed for providing daughter cells of at least a subset of muscle progenitors with the correct set of proteins (or one protein), this would explain the observed phenotype quite well. In principal, a similar mechanism could take place earlier in mesodermal development when muscle progenitors are singled out.
inscuteable function in heart development
The dorsal cluster of eve expressing cells (Frasch et al., 1987; Azpiazu and Frasch, 1993; Bodmer, 1993) appearing at stage 10 in the most dorsal mesoderm consists of two types of cells which differentiate into one muscle (muscle 1) and two pericardial cells per hemisegment.
Both cell types are mesodermal but the cluster is not a clone, as was shown by mosaic analysis (Lawrence et al., 1995) . This result is confirmed by our observation that the muscle phenotype and the pericardial phenotype in insc mutant embryos are independent from each other (see Fig. 6 ). The absence of most of the eve pericardial cells has no visible effect on the morphology of the cardiac cells on the light microscopic level (anti-@3 tubulin and antiMef2 stainings, data not shown), not even on the morphology of the pericardial cell system as we have shown with Mab3 which stains the cell surfaces of the pericardial cells.
Expression of inscuteable during embryogenesis
The insc phenotype strongly implicates a role during the specification of muscle founders and therefore we expected an expression of insc within mesodermaI derivatives. The in situ hybridisation using the isolated insc cDNA as a probe, however, detects the transcripts predominantly in the developing CNS and PNS, where the insc RNA is localised to the apical region of the cells. This coincides with the Insc distribution shown by Kraut and Campos-Ortega (1996) . The lack of mesodermal expression may depend on the sensitivity of the in situ hybridisation method which is not high enough to allow us to identify mesodermal cells. Kraut and Campos-Ortega (1996) who made an antibody against Insc described a staining in stage 10 embryos which marks single cells of the mesodermal germ layer. The exact identification of these cells has yet to be determined.
Our sequence analysis revealed an amino acid stretch highly conserved to Numb and Prospero. Both these proteins are distributed asymmetrically during neurogenesis as well. It remains to be elucidated if this domain is responsible for the localisation of Insc which is prefigured by the mRNA localisation.
Experimental procedures

ZdentiJication of the inscAl deletion allele
The deletion strain inscAl was created by imprecise excision of the P-element from the strain inscp8 using the jumpstarter line A2-3 as a source of transposase (Robertson et al., 1988) . Resulting strains which were lethal over the EMS allele ins? were tested with PCR for the presence of the Pelement using the reverse primer derived from the pUChsneo sequence and a P wing specific primer. Strains without P-element which were allelic to the inscz2 mutant were further analysed with Southern blotting and PCR using primers which flank the P-element insertion site in the inscp8 allele.
Isolation of cDNA and sequencing
cDNA clones were isolated from a 2-14 h poly dT primed Drosophila embryonic cDNA library (Stratagene) using the 2.2 kb EcoRI genomic fragment as a probe. Fragments of cDNA and genomic DNA were cloned into pBluescript II KS+ (Stratagene) and sequenced with the T7 sequencing kit (Pharmacia).
Whole mount in situ hybridisation
Embryo whole mount 'in situ hybridisation experiments were performed according to Tautz and Pfeiffle (1989) with some minor modifications.
Hybridisation was performed overnight at 42°C.
Primer extension
Total O-16 h RNA was prepared with RNazol B RNA isolation solvent (Cinna5iotecx) and further purified with RNeasy Total RNA Kit (Diagen). RNA (20-80 pg) was transcribed with 10 units AMV-reverse transcriptase (Boehringer Mannheim) and labelled with [35S]dATP.
Northern blotting
Poly(A)+ RNA was produced with the Oligotex mRNA Kit (Diagen) using total RNA prepared as above. Poly(A)+ RNA (5 ,ug per lane) was size fractionated on a formaldehyde agarose gel (Foumey et al., 1988) and blotted on Hybond N membranes (Amersham). Hybridisation was carried out overnight at 42°C using standard conditions.
Rapid amplification of cDNA ends (RACE)
The RACE amplification was performed mainly according to Frohmann (1990) with some modifications. Poly(A)+ RNA (1 mg) was randomly primed and reverse transcribed using 10 units of Superscript11 Reverse Transcriptase (BRL). After polyadenylation with terminal transferase 5' ends of the cDNA were preamplified in a PCR reaction for 15 cycles using a polyT VN adapter primer (GACTC-GAGTCGACATCGATTITTTTTTTTTTTTVN) and a gene specific primer. In a second PCR reaction an aliquot of the preamplified cDNA was further amplified for 30 cycles using the adapter primer (GACTCGAGTCGA-CATCGA) and a second nested gene specific primer. The gene specific primers were derived from the 5' region of the isolated insc and sktl cDNAs, respectively.
Antibody stainings
Embryos were fixed as described in Paululat et al. (1995) and stained with the ABC Kit Elite (Vectastain Laboratories).
Note added in proof
The nucleic acid sequences have been submitted to the GenBank Database and will appear under the accession number U73489 (nem, will be renamed as insc) and U73490 (sktl).
